Duodenal injury is uncommon but may have fatal results if not managed properly. However, a preoperative diagnosis of blunt duodenal injury can be very difficult to make. Delays in diagnosis can then make surgical management more complex, and morbidity and mortality can increase. The pyloric exclusion procedure introduced by Vaughn 16 in 1977 has been recommended in selected patients with complicated duodenal injury because it decreases the morbidity associated with dehiscence and fistula formation.
However, current thinking suggests this approach may be too aggressive and similar outcomes can be achieved with less complex surgery. Here, we introduce our novel simple method of pyloric exclusion for patients with retroperitoneal duodenal injuries after blunt trauma, whose diagnoses were delayed for more than 24 h.
Materials and methods
Our procedure for blunt retroperitoneal duodenal injuries (BRDI) was performed as follows (Figs. 1 and 2): (1) The erosion and necrosis of the retroperitoneum were thoroughly cleared by the Cattell and Kocher manoeuvres. ( 2) The novel method of pyloric exclusion was a transfixion suture with non-absorbable 7 # silk suture or absorbable Dexon. (3) The common bile duct was drained by a T tube. (4) Gastrostomy, jejunostomy and Ostomy of T tube in duodenum were performed respectively. Drains were placed at the following regions: pelvic cavity, subhepatic, paraduodenal, right paracolic sulcus and retroperitoneum, respectively. From 2002 to 2008, three patients suffered BRDI after trauma or ERCP with a delayed diagnosis of more than 24 h and were treated in our hospital by the above described methods. 
Results
All patients experienced the classic course of events and the periods of delay were 12 h to 3 days. Please refer to the major clinical characteristics in Table 1 .
Laboratory tests showed no meaningful changes. The imaging examinations, including ultrasound and abdominal plain films, were normal during the early stage and there were no specific changes in the later period. Diagnostic peritoneal aspiration (DPA) also had no positive findings. All three patients were finally diagnosed by way of CT scan (Table 2 ; Figs. 3-7) .
All patients underwent gastrostomy for the drainage of gastric juice, jejunostomy for postoperative enteral nutrition and duodenal drainage for decompression. T-tube drainage of the common bile duct was used for the same purpose. However, in case 1, the patient's CBD was only 0.3 cm in diameter making it difficult to place the T tube, and leading to stricture of CBD. The stricture of CBD caused by the T tube was complex and difficult to resolve. Therefore, the CBD was ligated and cholecystostomy was performed. The result was similar to the standard procedure. Case 2 had a duodenal fistula because the rupture of the ampulla was Retroperitoneal oedema of the duodenum surrounding, swelling of the pancreas, peri-pancreas exudates (Fig. 7) I/P: initial/preoperational; DPA: diagnosis peritoneal aspiration; N/A: not applicable. a Abdominal plain film. not repaired. The duodenal fistula spontaneously resolved by washing and draining for 2 months. All patients recovered uneventfully and were followed up for 2-7 years, with all of them now having returned to normal life and work (see Table 3 ).
Discussion
Duodenal injury is uncommon with an occurrence rate of 3-5% in all abdominal injuries 2, 11, 18 and just 20-25% of those are blunt injury. 5 Due to the anatomical location of the duodenum, BRDI is difficult to diagnose and presents special surgical problems. It represents a continuous challenge to the surgeon's ability to make and early diagnosis and to provide adequate management when the diagnosis has been delayed.
The high-risk injuries are related to associated pancreatic or common bile duct injury, blunt or missile injury, involvement of more than 75% of the duodenal wall, injury of the first or second part of the duodenum, and time interval between injury and repair of more than 24 h 15 . These high-risk lesions associate with an increased likelihood of dehiscence of the duodenal repair. Duodenal diversion and pylorus exclusion are the usual choices for these high-risk duodenal injuries. The purpose of duodenal diversion and pylorus exclusion is to prevent the gastric juice from flowing into the duodenal to reduce the loading of the duodenum and to decrease the activation of digestive enzymes. Stone and Garoni introduced the earliest technique as a triple ostomy for the decompression of the duodenum.
14 However, a jejunostomy tube could not properly decompress the duodenum. 6, 8 The typical methods of duodenal diversion and pyloric exclusion were described by Berne et al. 3 and Vaughn et al. 16 Their methods were extensive procedures and may be inappropriate for the haemodynamically unstable patient or the patient with multiple injuries. Resection of a normal distal stomach should not be considered unless there is a large amount of destruction and tissue loss, and no other choice. In addition, the gastrojejunostomy may not be a rational method because it was not a physiological path, and marginal ulceration has been reported in 5-33% of cases. 16, 4, 7, 13 In addition the continuity of the gastrointestinal tract will be re-established in several weeks after pyloric exclusion. 16, 3, 7 The novel method of pyloric exclusion introduced here for our three patients was simpler and more efficient. The pylorus transfixion with non-absorbable or absorbable suture spontaneously reopened after 1-2 months or so. This was sufficient for healing of the duodenal injury or secondary fistula. This method of our pyloric exclusion has not been described before and the preliminary results show good prospects.
The complication rate after duodenal rupture is between 38% and 72.5%. 3, 5, 17, 18 Infection and abscess are the most frequent complications. The complications associated with the duodenum are about 0-15%. 1, 9, 11, 17 Because the erosion and oedema spread down to the pelvic cavity, the clearance of retroperitoneum should be radical, even down to the pelvic cavity. Drainage of the pelvic cavity, subhepatic, paraduodenal, right paracolic sulcus and retroperitoneal regions should be adequate to avoid infective complications. Total mortality from duodenal injury can be as high as 30% and up to 40% for those diagnoses delayed for 24 h. 2, 12 For our three cases, the simple pyloric exclusion was used and no complication occurred.
Conclusions
The clinical manifestations of BRDI are specific and typical. The 'period of incubation' may lead to a delayed diagnosis of more than 24 h. Rescanning is important especially when clinical manifestations change, suggesting the possibility of BRDI. The methods of surgical management described here appear to be rational for high-risk duodenal injuries especially when diagnosis is delayed.
